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Scope of Environmental Systems IssuesScope of Environmental Systems Issues

Bert Bras; Ga. Inst. Of Technology
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In the US, about 20% of electricity usage is 
for lighting

Each percent reduction in electricity usage 
=> five 1 GW power plants not needed 
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200200--year Evolution of Luminous Efficacy for year Evolution of Luminous Efficacy for 
Various Lighting TechnologiesVarious Lighting Technologies
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Efficiency and Lifetime ComparisonsEfficiency and Lifetime Comparisons

“Energy Savings Potential of Solid State Lighting in General Illumination Applications”
DOE Office of Energy Efficiency and Renewable Energy – November 2003
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*Cree, Inc. announced 9/13/07 R&D results of 129 lumens per watt for a      
cool-white LED and 99 lumens per watt for a warm-white LED 
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Product Life Cycle Material FlowsProduct Life Cycle Material Flows

T. G. Gutowski; December 2004; 
Handbook of Mechanical Engineering
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Mfg. Incandescent Bulb Mfg. Incandescent Bulb -- SimpleSimple
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Semiconductor Manufacturing Semiconductor Manufacturing 
Processes Processes –– Complex, Energy IntensiveComplex, Energy Intensive
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Electrical Energy Requirements to Electrical Energy Requirements to 
Produce 1 Kilogram of Five Materials.Produce 1 Kilogram of Five Materials.

Electric Arc 
Furnace
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Energy Energy 
Requirements Requirements 
Increase for Increase for 
High Tech, High Tech, 
Smaller Smaller 
Feature Feature 
Manufacturing Manufacturing 
Processes  Processes  

TG Gutowski, J Dahmus, 
A Thiriez

Proc. CIRP Conf. on Life 
Cycle Eng. Leuven, 2006 
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GraedelGraedel’’ss Environmentally Responsible Environmentally Responsible 
Product Assessment MatrixProduct Assessment Matrix
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GraedelGraedel’’ss Environmentally Responsible Environmentally Responsible 
Product Assessment MatrixProduct Assessment Matrix
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Incandescent Light Bulb

GE Developing Incandescent Light 
Bulb that promise to match CFL’s
Efficiency * Feb 24 2007
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GraedelGraedel’’ss Environmentally Responsible Environmentally Responsible 
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Compact Fluorescent Light Bulb
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GraedelGraedel’’ss Environmentally Responsible Environmentally Responsible 
Product Assessment MatrixProduct Assessment Matrix
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White Light Emitting Diode Based Light Bulb
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Hg Pollution From Operation & Disposal of Hg Pollution From Operation & Disposal of 
Different Technology Light BulbsDifferent Technology Light Bulbs
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*Assumes 4 micrograms Hg emitted per kwh energy generated by power plant – From EPA MACT floor limits
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Conclusions from Simplified LCAConclusions from Simplified LCA

Even partial and simplified LCA is difficult – requiring 
significant time to track down quantitative information 
and data

Each material in product needs to be tracked through 
lifecycle

Very informative with often surprising results
Nanotechnololgy offers major opportunities to:

Choose materials of lesser toxicity
Use smaller quantities of materials to achieve function
Simplify raw material refining and mfg. processes
But, may also increased energy per unit processed mass
Realize higher energy efficiency devices with resultant 
minimized environmental impact
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How and Where in the Product Life Cycle How and Where in the Product Life Cycle 
Can Nanotechnology have an Impact?Can Nanotechnology have an Impact?
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